A genome-wide association study (GWAS) demonstrated a possible association between cervical dystonia (CD) and a sodium leak channel, nonselective (NALCN) gene. However, the association between NALCN and CD was largely unknown in Asian population. The present study was carried out to examine the associations between the two single nucleotide polymorphisms (SNPs) rs1338041 and rs61973742 in the NALCN gene and CD in a Chinese population. Methods. In a cohort of 201 patients with isolated CD, we genotyped the two SNPs rs1338041 and rs61973742 using polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP). We also included 289 unrelated, age-and sex-matched healthy controls (HCs) from the same region. Result. No significant differences were observed in either the genotype distributions or the minor allele frequencies (MAFs) of the two SNPs between the CD patients and the HCs. There were no significant differences between early-onset and late-onset CD patients, between patients with and without a positive family history of dystonia, or between patients with and without tremor or sensory tricks. Conclusion. Lack of association between the SNPs of NALCN and CD suggests that the SNPs of NALCN do not play a role in CD in a Chinese population.
Introduction
Dystonia is a movement disorder characterized by involuntary sustained or intermittent muscle contractions affecting one or more sites of the body causing abnormal, often repetitive movements, postures, or both [1] . Cervical dystonia (CD), the most common form of late-onset focal dystonia, is characterized by sustained or intermittent neck muscle contractions causing abnormal head movements and postures [2, 3] .
Up to now, more than 20 loci (from DYT1 to DYT25) have been identified to be the causative loci of primary dystonia [4] after the first identified TOR1A (DYT1) gene linked to early-onset primary dystonia [5, 6] . Among them, CIZ1 (Cip1interacting zinc finger protein; DYT23), ANO3 (anoctamin 3; DYT24), and GNAL (guanine nucleotide binding protein, alpha activating activity polypeptide, olfactory type; DYT25) genes have been discovered for CD [7] [8] [9] . However, mutations of these genes mainly are seen in familial CD patients [4, 10] . Although most of patients with late-onset dystonia often seem to be sporadic patients, it appears to have a strong genetic basis [11] . Unfortunately, at present, the genetic architecture of late-onset dystonia remains largely unknown [10] .
A recent genome-wide association study (GWAS) has been performed on British patients with focal CD. In this study, although no loci reached a statistically significant association with CD, the value of the single nucleotide polymorphism (SNP) rs1338041, which is located in an intron region of sodium leak channel, nonselective (NALCN) gene on chromosome 13, was rather low [12] . After subsequent imputation, the results showed a few clusters with potential significance. Rs61973742 within the 5 untranslated region (UTR) in the NALCN was one of the most meaningful SNPs [12] . However, a replicated study of the GWAS from Spain found no association between these two SNPs of NALCN-rs1338041 and rs61973742-with CD [13] .
As we all know, GWAS is an efficient method to understand genetic underpinnings of genetic complicated disease that are not based on prior knowledge; however, false positive results may be produced in the meantime [14] . Therefore, it is necessary to confirm the finding of GWAS in other ethnic groups. In the current study, we investigated the association of the most potential significance SNPs (rs1338041 and rs61973742) of NALCN with CD in a Chinese population.
Methods

Subjects.
A total of 201 patients with focal cervical dystonia were recruited from the department of neurology at West China Hospital of Sichuan University. Patients were examined and diagnosed by movement disorder specialists according to the current criteria [15] . Patients carrying GAG deletion mutation of the DYT1 gene and having a known causes, including traumatic or structural brain lesions, or treatment with neuroleptic drugs or patients diagnosed with another syndrome with dystonia, such as Parkinson's disease or dystonia plus syndrome, were excluded from the study. Patients with positive family history of dystonia were defined as having one or more first-degree or second-degree family members with dystonia as previously described [16] . A total of 289 unrelated healthy individuals (59.9% women; mean age 43.35 ± 14.77 years) from the same areas of residence were recruited to the study as the healthy controls (HCs) group. None of the HCs had neurological disorders or psychiatric disorders examined by neurologists. Witten informed consent was obtained from all participants before being enrolled, and the study was approved by the Ethics Committee of Sichuan University.
2.2.
Genotyping. Peripheral blood samples were collected from all participants. Genomic DNA was extracted from peripheral blood leukocytes using standard phenol-chloroform procedures. Genotype for rs1338041 and rs61973742 was performed by polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP) analysis. Two SNPs were all amplified using a forward mismatched primer that creates a restriction enzyme digestion site and the primer sequences and the PCR conditions of two SNPs are shown in Supple 
Results
The mean age of 201 patients with CD was 41.25 ± 15.76 years at examination time, and the mean age of onset of patients was 38.27 ± 16.06 years. Among all CD patients, the ratio of male to female was 77/124. Fifty patients (24.9%) had an age of onset less than 26 years, and forty-one patients (20.4%) had a positive family history of dystonia. The genotype frequency distributions in the controls did not deviate significantly from the Hardy-Weinberg equilibrium (0.522 and 0.464 for rs1338041 and rs61973742, resp.). No significant differences were found in the genotype distributions or MAFs of the two SNPs between CD patients and controls (Table 1) . No differences were observed in the genotype distributions or MAFs between patients with early-onset and late-onset CD or between patients with and without a family history of dystonia (Table 2 ). There were no differences in the genotype distributions or MAFs in terms of tremor or sensory tricks (Table 3 ).
Discussion
This is the first study on the genetic susceptibility of the rs1338041 and rs61973742 SNPs of NALCN and CD in a Chinese population. In the current study, rs1338041 and rs61973742 SNPs were not found to modify the susceptibility to CD. The NALCN gene comprises at least 44 exons (43 coding exons) encoding NALCN, which is a voltage-independent and cation-nonselective channel, and is mainly responsible for the leaky sodium transport across neuronal membranes and controls neuronal excitability [17, 18] . A previous GWAS showed the possible association between the two SNPs of NALCN and CD in 212 British resident CD patients of European descent. Given that ion channels are crucial components of cellular exciting ability and are involved in many neurological diseases, for example, ANO3, whose mutations have detected in sporadic CD, functions as calcium activated chloride channels which modulate neuronal excitability [19] . It supports that an ion channel may be a potential candidate gene for dystonia. Therefore, the British study came to the following conclusion: NALCN, whose encoded protein belongs to a Na + -leak channel, may be a plausible candidate gene for dystonia [12] .
However, our current study and the Spanish study both failed to replicate the association of rs1338041 and rs61973742 with CD [12, 13] . Several factors should be considered to explain such difference. First of all, in genetic analysis, ethnic population specificity must be taken into consideration as an essential factor. For example, according to the British GWAS, the minor A-allele of rs1338041 showed a doubtful risk to CD patients for the fact that the frequency of minor Aallele seemed higher in CD patients than controls, while the Spanish population and the present study both manifested a higher frequency of A-allele in controls than in patients, meaning a possible protective effect of A-allele. In the case of rs61973742, this phenomenon does not exist, the potential effects of these three available studies making no difference. Secondly, given that the clinical manifestation of dystonia is diversity, the patients recruited among studies could be different. However, our study is in accordance with previous studies on British or Spanish, both containing focal CD only [12, 13] . Thirdly, a major difference is that the age of onset of CD in our patients (38.27 ± 16.06 years) was much less than the other two studies (British: 60.6 ± 10.9 years, and Spanish: 43.5 ± 15.7 years). Considering this factor, we divided our patients into two groups, early onset and late onset. However, no differences in the genotype or allele frequencies between early-onset and late-onset CD were found either. Therefore, these factors may contribute little to the differences.
Finally, the sample size must be taken into consideration. The British GWAS reported a putative association of CD with SNPs in the NALCN. However, there was no single SNP that reached the statistical significance in that no single SNP passed the genome-wide significance level (defined as < 5 × 10 −8 ) after GWAS. The possible reason is that the sample size is not enough to discover some SNPs with small effect on the disease according to the author. The prevalence of primary dystonia in China was 27.0 per million persons based on the minimum estimates [20] . Therefore, the present study had a probability of 80% power to detect genetic effects at an OR of 1.85 under an additive model in our sample (two-sided, < 0.01) [13] . The Spanish study also had a strong power to find the association between SNPs of NALCN and CD [13] . To sum up, it seems that variations in the NALCN gene might not be associated with CD. The British GWAS might overvalue the positive effect of SNPs of the NALCN gene in dystonia [12] .
In conclusion, the lack of association between NALCN SNPs rs1338041 and rs61973742 and CD suggested that SNPs of the NALCN gene do not play a role in Chinese CD population.
